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4 RELATED APPLICATIONS 

5 [0001] This application is a continuation-in-part of prior-filed co-pending non-provisional App. 

6 No. 09/468,476, filed 12/21/1999, which is a continuation of prior-filed non-provisional App. 

7 No. 09/162,127, filed 09/29/1998, now abandoned. Both of said parent applications are hereby 

8 incorporated by reference as if fully set forth herein. 

9 FIELD OF THE INVENTION 
[0002] The present invention relates generally to light concentrators and more particularly to a 
hemispheric lens for an infrared remote control receiver of a remote-controlled retail electronic 

12 entertainment device. 

13 BACKGROUND 
[0003] As digital and electronic systems have grown smaller, portability has become an ever 
more rmportant consideration in their design. An important component of portability is wireless 
connectivity, that is, the capability of digital devices to communicate with each other without 
being connected by cables and/or wires. Infrared radiation (IR) has long been used to achieve 
wireless connectivity. An example is a remote control used with a remote-controlled retail 
electronic entertainment device, such as a video device (a television, a video cassette recorder, a 
video cassette player, a DVD player, a DVD recorder, a cable television receiver, a satellite 
television receiver, and so forth) or an audio device (a radio, a stereo, a hi-fi system, an audio 
cassette player, an audio cassette recorder, an audio CD player, an audio CD recorder, a home 
theatre system, a surround-sound system, an MP3 player, an MP3 recorder, a DVD-audio player, 
and a DVD-audio recorder, and so forth). Such a remote control works by sending infrared 
S1 gnals from the remote control to a receiver on the remote-controlled electronic device. A 
distinction exists between directed IR remote controls which must be generally aimed at the 
infrared receiver along a line-of-sight, and non-directed IR remote controls that do not need to be 
aimed Prior art non-directed remote controls have worked by simply producing an IR signal so 
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directed remote control and the eorrespe.aa.ng remote-controlled dev.ce the mheren 
dtsadvantage is increased srze and energy eonsnmpuon to g ene ra ,e ,he IR beam and 
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,0004, Drrected remote controls, whi.e rearing .ess power and therefore bemg smaller and 

s pensive also have severa, ^advantages assoeiated with then nse. One shortcommg 
rerdwrmdrrectedremotecon^sisthatmeymnstheporntedattheremote^ 

is general the ease with remote-controlled retarl electronic entertainment devc s), the 
ZO,L« he eonstanfy re-aimed after herng moved. AdditionaUy, the effectrveness 

wi ,h respee, to an mfiared receiver on the remote-eontroUed electronic devce. 
,0005, in many remote-eontroUed retail electronic entertainment devices, the IR recetver ,s 
rshlthadevLftontpane, or even recessed withmthe front pane! (or protectron and/or 

u sable w,« he Untried. It may therefore he destrable that the remotc-contr ew* b 
provid ed with a lens for increasing the range of inerden, angles over whrc the drrected r mot 
ntrol may he nsed. In particular, it ,s desirable to provide a lens for the IR recetv r of 
ell— retail electronic enter— device ma, may be installed on and nsed w.th 

purchase a new device. 

|0 „06, Concentrators and/or lenses are a commonly-nsed too. for concentrating infrared 
adia, on in preferred d.reetions when nsing a directed remote control. For example, U^S. Patent 

to ftar d radtation received from some directions more than other, U.S. Patent No. 5,3 9^8 
sned 10/15/1994 to Savicld discloses an mfrared coHector having a flattened convex surface^ 

a large range of incident angles. U.S. Patent No. 
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mini However none of the aforementioned patents shows or teaehes the use of a tos or 
100071 Howera ' n ° n retaile ,eerronieenterta 1 nmentdeviee,sueh as a video 

6 concentrator with a remote-eontrolled reta.1 electron, nlaver a DVD 

==E========== 

^"iensorconeentrator. None of the aforementto ed patots shows or teaehes a 



11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



22 



Utility patent application 



3/15 



Filed 11/28/2001 



CASL01NP 



2 
3 



10 
11 

12 
13 
14' 

15 

16 

17 
18 
19 

20 
21 
22 

23 
24 
25 



SUMMARY 

[0008] Certam aspects of the present invention may overcome one or more aforementioned 
drawbacks of the previous art and/or advance the state-of-the-art of infrared (IR) remote- 
controlled retail electronic entertainment dev.es, and in addition may meet one or more of the 
following objects: 

[0009] To provide a lens and methods of use therefor for increasing the range of incident 

angles over which a directed IR remote control may be used with a remote-controlled 
retail electronic entertainment device; 
[0010] To provide a lens and methods of use therefor for increasing the usable angular range of 
the directed remote control that may be installed on and used with a previously- 
purchased remote-controlled retail electronic entertainment device; 
[0011] To provide a lens and methods of use therefor for increasing the usable angular range of 
the directed remote control that may be installed on a previously-purchased remote- 
controlled retail electronic entertainment device by a retail purchaser of the device; 
[0012] To provide a lens and methods of use therefor wherein the lens may be installed on a 

surface of the retail electronic entertainment device over an IR receiver thereof; 
[0013] To provide a lens and methods of use therefor wherein the lens may be installed on a 
surface of the retail electronic entertainment device over an IR receiver thereof by 
means of adhesive material; 
[0014] To provide a lens and methods of use therefor wherein the lens may be installed on a 
surface of the retail electronic entertainment device over an IR receiver thereof by 
means of adhesive material provided on the lens; 
[0015] To provide a method, performed by a retail purchaser of a previously-purchased 

remote-controlled retail electronic entertainment device, for retro-fitting said remote- 
controlled device to provide an increased acceptance angle for an infrared receiver 
26 thereof; and 

,00161 To provide a method for enabling a retail purchaser of a previously-purchased remote- 
controlled retail electronic entertainment device to retro-fit said remote-controlled 
device to provide an increased acceptance angle for an infrared receiver thereof. 
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,0017, One or more of the foregoing objects may be achieved in the present ,nv n«on by a 
method, performedbyare,^^ 

electronic entertainment device, for retro-fittmg said remote-controUed dev.ce to prov.d 
l ed acceptance angie for an .nfrared reccver thereof, me method compnsmg the step of 
a) purchasmg, on a retai, bas.s, a hemisphere lens, me hemispheric !ens compnsmg a len body, 
I Is bod be.ng fabricated from a die.ectnc material substantially transparent at an mfrared 

annnlar snrface connecring the inner and enter hemisphere snrfaces, and an adh s, e ay 
prov.ded on the annular surface for securmg the lens to a face of the remote— d retad 
lectromc entcrtammen. device over the mfrared receiver thereof; and b) securmg the 
^spheric lens to the face of the previously-purchased remote-controUed retad electron* 

over whrcb infrared remote contro, siguals may be received by the mfrared rece.ver. 
,00,8, One or more of the foregong objects may be achieved in the present invention^ a 
Lethod for enabhng a retad purchaser of a previously-purchased remote-controlled retad 

acceptance angle for an infrared receiver thereof, comprismg the steps of: a) se , g, on a 

entertainment device, a hemisphere lens, the hem.spheric lens compnsmg a I- body 
body being fabricated from a dielectric material substantially transparent at an mfrared 

annular surface connecting the inner and outer henuspheric surfaces, and an adhes, e ay r 

Iconic eutenainmen, device over me infrared receiver thereof; and b) mstructmg t e e. 
Phaser of the prevrously-purehased remote-controUed retail e.ectromc enter— devee 

cure the hem.spheric lens to the face of sa,d remote-controlled dev.ee over the mfrared 
II, thereoMhereby mcreasmg the acceptance angle over .h.ch .nfrared remote contro, 
signals may be received by the infrared receiver. 
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[00191 Additional objects and advantages of the present invention may become apparent upon 
referring to the preferred and alternative embodiments of the present invention as tllustrated m 



3 the drawings 



and described in the following written description and/or claims. 
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, BRIEF DESCRIPTION OF THE DRAWINGS 

2 [0020, F,g. 1 is an environmental, perspective view of a hem.spheric lens shown in use w,.h a 
TV/VCR assembly with a remote control. 
[0021] Fig. 2 is a bottom view of a hemispheric .ens according to the present invention. 
,00221 Fig. 3 is a side view of the hemispheric lens according to the present invention. 
,00231 Fig. 4 is a cross-sectional view of the hemispheric lens according to the present 
invention. 

• rt f«tv,P u.able angular field of a remote control without a lens 

8 [0024] Fig. 5 shows a top view of a the usame anguuu uau 

9 according to the present invention. 

10 [0025] Fig. 6 shows a top view of an increased usable angular field of a remote control when 
used with a lens according to the present invention. 

of the usable angular field both with and without a lens 
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>r 12 [0026] Fig. 7 shows a determination 
13 according to the present invention 



,4 [0027] Fig. 8 is a graph comparing the nsable angular fields determined according to Fig. 7. 
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DETAILED DESCRIPTION OF PREFERRED AND ALTERNATIVE 
EMBODIMENTS 

[0028] For purposes of the present written description and/or claims, "angle-of-incidence" or 
equivalently "incident angle" shall denote the angle between a vector normal to a surface and a 
vector describing the propagation of a light ray relative to that surface. The term shall be applied 
to the face of a remote-controlled device, or may be applied to a lens, detector, or receiver 
surface. The terms "acceptance angle", "useful angular range", and the like shall denote the 
range of angles of rays emanating from an IR receiver and corresponding to directions for a 
remote control that may be successfully used to send commands to a remote-controlled device. 
For purposes of the present written description and/or claims, "retail electronic entertainment 
device" shall denote any audio and/or video electronic entertainment device available for retail 
purchase by a retail purchaser, and may include a television, a video cassette recorder, a video 
cassette player, a DVD player, a DVD recorder, a cable television receiver, a satellite television 
receiver, a radio, a stereo, a hi-fi system, an audio cassette player, an audio cassette recorder, an 
audio CD player, an audio CD recorder, a home theatre system, a surround-sound system, an 
MP3 player, an MP3 recorder, a DVD-audio player, and a DVD-audio recorder, and so forth. In 
addition, devices providing similar audio and/or video electronic entertainment functions but 
differing in the recording medium employed, transmitting/receiving medium employed, audio 
and/or video content format employed, audio and/or video encoding format employed, and so on, 
may nevertheless be construed as falling within the scope of inventive concepts disclosed and/or 
claimed herein. 

[0029] Shown in Fig. 1 is an environmental perspective view of a hemispheric lens 1 according 
to the present invention. Fig. 1 illustrates a typical application for the hemispheric lens 1, used 
to enable a user to effectively use a remote-controlled electronic entertainment device over a 
relatively broader angular range than the usable angular range of the electronic device without 
lens 1 . Such applications may include a bar or restaurant environment where the user of the 
remote control, typically a bartender, may be working in areas nearly at right angles to a viewing 
direction normal to the viewing screen of a TV (near where an IR receiver would typically be 
located), and at substantial distances from the TV, because of an elevated location of the TV 
and/or its lack of proximity to the work areas. 
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[0030] Details relating ,o the construction of the hemispheric .ens 1 are descnbed with 
reference to Figs. 2, 3, and 4. The hemispheric lens , preferably comprises a hemtsphenca. she,, 
structure having an outer convex substantia,,? hemispheric^ surface 2, an inner concave 
substantial hemispheric, surface 3, and a substantia,* flat annular surface 4 connecting on er 
surface 2 and inner surface 3. Lens , may preferably be fabncated from piastre (such as aery c 
piastic, for example), g ,ass, or any other su,tab,e dielectrtc materia, substantia,* — 0 
the IR wavelength range used for controlling the remote-controlled electronrc devtce wtth the 
remote control. Annular surface 4 may be father provided with an adhesive layer 5 for 
attachmg the lens to a face of the remote-controlled device over an IR receiver thereon. The ,ens 
may be provrded with an annular piece of double-sided tape 5a whtch includes adhestve ayer 
thereon. Double-sided tape 5a may be father provided with a removable backing layer for 
protecting tire adhesrve layer 5 and which may be removed prior to mstallatton of lens 1 on the 
remote-controlled devtce. Any other type and/or configuration of adhesive layer 5 or other 
means for seennng lens , to a remote-controlled device, may be employed wrthou, departmg 
from tnventive concepts disclosed and/or clarmed herein. Lens 1 may have an outer hemrsphere 
ammeter of about V 2 mch and an inner hemisphere diameter of about % inch ,0 correspond 
approximately to the diameter of an ,R recetver of a typical remote-controlled rctatl eectromc 
elainment device. Outer diameters may he chosen as appropriate for a particular IR — 
The hemispheric lens should also preferably have a substantially smooth finish and be 
substantially free of defects, for reducing scattering and/or refaction of IR radiatton m 
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,0031] A preferred method of use for lens 1 is for a retail purchaser of a previously-purchased 
em„,e-contro„ed retail electromc enter,—, devtce to 1) purchase lens , on a retat, basrs 
and then 2) secure lens I in p,acc on a face of the remote-controlled device over the R recerver 
thereof (i.e., as an upgrade or retrofit). In this way, tire angnlar field or range over whtch the 
remote contro, may be used ,s mcreased (descrthed in further detat, hcreinbelow) wrthou, the 
uecd for extenstve modifications, signified cos,, downtime, and/or need to purchase a new 
retatl electronic entertainment device or remote contro. therefor. A preferred method for 
enabling such an upgrade or retrofit inc.udes the steps of 1) se.ling lens 1 on a retatl basts to a 
re ,a„ purchaser of the prevtousfy-pnrchased remote-controlled device and 2) tnstructtng the 
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retail purchaser to secure lens 1 in place on the face of the remote-controlled device over the IR 



2 receiver thereof. 

3 [0032] The IR receivers of many remote-controlled electronic entertainment devices are 
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typically flush with or recessed relative to a face of a housing for the electronic device, often 
restricting the useful angular range of the remote control. The lens of the present invention and 
methods for use thereof enable a retail purchaser of a previously-purchased retail electronic 
entertainment device to expand the useful angular range of such a device as a retro-fit or 
upgrade The function of the present invention can best be understood in terms of ordinary 
refraction described by SnelF s Law. Shown in Fig. 5 is a remote-controlled electronic device 1 3 
defined by a housing 7, an infrared detector 9 housed in a recess in front wall 12 of the housing 
7, a planar lens (i.e., a window; not shown) placed approximately flush in the front wall 12 of the 
housing 7 and covering the recess and detector therein, and a remote control device 6. Also 
shown is an angular range 9 T defining the maximum angle (without lens 1) for which directional 
remote control 6 can be effectively used for transmitting infrared communication signals to the 
infrared detector 9 housed in the recess of front wall 12 of the remotely-controlled electronic 
device 6 Outside this angular range, the remote control 6 is ineffective in communicating with 
the infrared detector 9. The angular range 9 T may be approximately calculated by determining 
the maximum angle of ray V, from the normal vector V N as shown in Fig. 7, where 9 T is 
determined by the depth and width of the recess and the maximum angle from normal for the ray 
V, which may propagate from the center of IR detector 9 out of the recess. Similarly, Fig. 6 
illustrates an angular range 9 E defined as the maximum angular range for which the remote 
control device 6 may be effectively used when hemispheric lens 1 is placed in front of infrared 
detector 9. As shown, the expanded angular range 0 E is substantially greater than the angular 
range 9 T obtained without hemispheric lens 1. This expanded angular range 9 E may be 
approximately determined by using SneU's Law to determine the maximum angle for a ray V E to 
propagate through lens 1 from the center of detector 9 and out of the recess, as illustrated in 
Figure 7 Calculated values for 0 E with lens 1 versus the equivalent 9 T without lens 1 are 
plotted in Fig. 8, for lens 1 having an inner radius equal to the radius of the recess, an outer 
radius 1 33 times the inner radius, and a refractive index of 1.5. These very simple calculations 
show the general manner of functioning of lens 1 as a function of the depth of the recess, while 
more involved calculations would be needed to more exactly account for factors such as the 



Utility patent application 



10/15 



Filed 11/28/2001 



CASL01NP 



1 detector size, the angle of the receiver 9 and the recess with respect to the direction of travel of 

2 the IR radiation, and the spatial properties of the IR beam from remote control 6. For example, 

3 Fig. 8 indicates that for a receiver flush with the front wall 12 of the device (i.e., 9 T = 180°), both 

4 configurations (with or without lens 1) would work equally well. However, this represents IR 

5 radiation traveling parallel to the surface of detector 9 without lens 1 , which would clearly result 

6 in little or no detected control signal. Addition of lens 1 should significantly increase the 
detected control signal level, since most of the surface of lens 1 would not be parallel to the 
direction of travel of the IR, and refraction at the spherical surfaces of lens 1 could direct some 
of the IR onto receiver 9. Calculations of this sort may be performed to determine the optimal 

S io hemispheric lens for a particular IR receiver configuration without departing from inventive 
~ 1 1 concepts disclosed and/or claimed herein. 

12 [0033] The present invention has been set forth in the forms of its preferred and alternative 
embodiments. It is nevertheless intended that modifications to the disclosed hemispherical lens 
and methods of use thereof may be made without departing from inventive concepts disclosed 
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